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PRINCIPAL  INVESTIGATOR:  Everett  P.  Greenberg 
INSTITUTION :  University  of  Iowa 

GRANT  TITLE:  Quorum  Sensing  in  Vibrio  fischeri:  Cell  Density-dependent 
Activation  of  Symbiosis  Genes  in  a  Marine  Bacterium 

AWARD  PERIOD:  1  November  1994-31  March  1998 

OBJECTIVE:  Our  general  objective  is  to  investigate  the  mechanism  of 

autoinduction  of  the  Vibrio  fischeri  lux  genes.  The  specific  goal  was 
to  understand  the  biochemical  basis  of  acylhomoserine  lactone, 
autoinducer  signal  synthesis. 

APPROACH :  Three  basic  approaches  have  been  used  to  elucidate  the 

mechanism  of  acylhomoserine  synthesis  in  V,  fischeri  and  other  bacteria. 

I.  We  have  studied  the  influence  of  amino  acid  biosynthesis  mutations  on 
autoinducer  synthesis  in  recombinant  E.  coli.  II.  We  have  studied  the 
activity  of  purified  fusion  and  native  autoinducer  synthases  in  vitro. 

II.  We  have  analyzed  the  activity  of  mutant  forms  of  autoinducer 
synthases . 

ACCOMPLISHMENTS  Our  research  program  over  the  past  three  years  has  led 
to  a  reasonably  comprehensive  view  of  the  mechanism  of  autoinducer 
synthesis  in  gram-negative  bacteria.  The  I  proteins  are  synthase 
enzymes,  which  use  as  substrates  acyl-acyl -ACP  and  SAM.  The  synthase 
catalyzes  the  formation  of  an  amide  bond  and  the  intermediate,  acyl-SAM, 
which  then  cyclizes  to  form  acyl -homoserine  lactone.  There  is  a  well 
conserved  active  site  corresponding  to  residues  25-104  of  the  193-amino 
acid  LuxI  protein.  In  contrast  to  previous  proposals  the  reaction 
mechanism  does  not  involve  acyl  group  transfer  to  an  active  site 
cysteine  or  in  fact  to  any  other  amino  acid  residue.  A  detailed 
analysis  of  the  kinetics  of  pure,  native  Rhll  indicates  the  synthesis 
of  autoinducer  proceeds  via  an  ordered,  sequential  mechanism. 

Several  other  important  research  findings  evolved  as  side  projects  made 
possible  by  this  grant.  The  protein  AinS  was  studied  in  collaboration 
with  Dr.  Paul  Dunlap  at  the  University  of  Maryland.  This  is  V.  fischeri 
protein  that  directs  the  synthesis  of  an  acylhomoserine  lactone,  but  it 
is  not  a  LuxI  homolog.  We  purified  an  AinS-MBP  fusion  and  this  protein 
catalyzes  the  synthesis  of  octanoylhomoserine  lactone  from  SAM  and 
either  octanoyl-ACP  or  octanoyl-CoA.  AinS  represents  a  second  family  of 
acylhomoserine  lactone  synthase  enzymes.  We  also  established  details 
about  the  architecture  of  the  luxi  promoter  region.  The  LuxR  protein 
appears  to  function  in  much  the  same  way  as  other  ambidextrous 
transcriptional  activators.  We  also  established  that  at  least  in  some 
bacteria,  acylhomoserine  lactone  signals  are  involved  in  formation  or 
dispersal  of  biofilms. 

SIGNIFICANCE:  There  is  a  growing  appreciation  that  quorum  sensing  is  of 

general  importance  in  bacterial  gene  regulation.  It  is  important  not 
only  to  luminous  marine  symbiotic  bacteria,  but  it  is  important  for 
virulence  of  a  number  of  animal  and  plant  pathogens.  Our  studies  have 
established  important  basic  information  about  the  generation  of 
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autoinducer  signals,  the  activation  of  responsive  genes  and  the  role  of 
quorum  sensing  in  the  ecology  of  gram-negative  bacteria.  Efforts  are 
under  way  to  commercialize  quorum  sensing  technology  and  much  of  the 
work  supported  by  the  ONR  forms  the  basis  of  intellectual  property  for 
these  efforts. 

PATENT  APPLICATION  One  patent  has  been  issued  (An  Autoinducer 
Molecule) ,  another  on  cell  signaling  and  biofilm  formation  has  been 
filed.  A  third  on  signal  synthesis  and  inhibitors  of  signal  synthesis 
is  in  preparation. 

AWARD  INFORMATION  Purina  the  period  of  this  grant  Dr.  Greenberg  was 
elected  as  an  ASM  Foundation  Lecturer,  he  was  appointed  to  the  Editorial 
Board  of  Current  Opinions  in  Microbiology,  he  continued  as  Editor  of  the 
Journal  of  Bacteriology  and  Associate  Editor  of  Annual  reviews  of 
Microbiology,  and  he  has  served  as  an  ad  hoc  reviewer  for  the  DOE  and 
the  Cystic  Fibrosis  Foundation. 
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